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In the framework of gauge invariant approach involving Stueckelberg and auxiliary fields, totally symmetric 
arbitrary spin anomalous conformal current and shadow field in flat space-time of dimension greater than or 
equal to four are studied. Gauge invariant differential constraints for such anomalous conformal current and 
shadow field and realization of global conformal symmetries are obtained. Gauge invariant two-point vertex 
of the arbitrary spin anomalous shadow field is also obtained. In Stueckelberg gauge frame, the two-point 
gauge invariant vertex becomes the standard two-point vertex of CFT. Light-cone gauge two-point vertex of the 
arbitrary spin anomalous shadow field is derived. The AdS/CFT correspondence for arbitrary spin anomalous 
conformal current and shadow field and the respective normalizable and non-normalizable modes of massive 
arbitrary spin AdS field is studied. The AdS field is considered in modified de Donder gauge which simplifies 
considerably the study of AdS/CFT correspondence. We show that on-shell leftover gauge symmetries of bulk 
massive field are related to gauge symmetries of boundary anomalous conformal current and shadow field, while 
the modified de Donder gauge condition for bulk massive field is related to differential constraints for boundary 
anomalous conformal current and shadow field. 
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I. INTRODUCTION 

We start with a brief recall of some basic notions of CFT. 
In space-time of dimension rf > 4, fields of CFT can be sepa- 
rated into two groups: conformal currents and shadow fields. 
This is to say that field having Lorentz algebra spin s, s > 1, 
and conformal dimension A = s + c? — 2 is referred to as 
conformal current with canonical dimension, while field hav- 
ing Lorentz algebra spin s, s > 1, and conformal dimension 
A > s + d — 2 is referred to as anomalous conformal current. 
Accordingly, field having Lorentz algebra spin s, s > 1, and 
conformal dimension A = 2 — s is referred to as shadow field 
with canonical dimension', while field having Lorentz algebra 
spin s, s > 1, and conformal dimension A < 2 — s is refeiTed 
to as anomalous shadow field. 

In Refs.l"?, '7], we developed the gauge invariant formu- 
lation of the conformal currents and shadow fields having 
the canonical conformal dimensions. We recall that, in the 
framework of AdS/CFT correspondence, such conformal cur- 
rents and shadow fields are related to massless AdS fields. In 
Ref.lS, we extended our approach to the case of low spin-s, 
s = 1,2, anomalous conformal currents and shadow fields. 
The purpose of this paper is to develop gauge invariant ap- 
proach to bosonic totally symmetric arbitrary spin-s anoma- 
lous conformal cuiTent and shadow field. In the framework of 



'Electronic address: metsaev@lpi.ru 

' Shadow fields having the canonical dimension are used to build conformal 
invai'iant equations of motion and Lagrangian formulations for conformal 
fields in RefsJ4J. Interesting discussion of shadow field dualities may be 
found in Ref.|2|. 



AdS/CFT correspondence, spin-s anomalous conformal cur- 
rent and shadow field are related to spin-s massive AdS field. 
Massive totally symmetric spin-s AdS fields with even s > 4 
form leading Regge trajectory of AdS string theory. There- 
fore, extension of our approach to the case of arbitrary s is 
important. Our approach to anomalous conformal cuiTent and 
shadow field is summarized as follows. 

i) Starting with the field content of anomalous conformal cur- 
rent (and anomalous shadow field) in the standard CFT, we 
introduce Stueckelberg fields and auxiliary fields. In other 
words, we extend space of fields entering the standard CFT. 

ii) On the extended space of fields entering our approach, 
we introduce differential constraints, gauge transformations, 
and conformal algebra transformations. The differential con- 
straints are required to be invariant under the gauge transfor- 
mations and the conformal algebra transformations. 

iii) The gauge symmetries and the differential constraints al- 
low us to match our approach and the standard CFT. Namely, 
by imposing gauge conditions to exclude the Stueckelberg 
fields and by solving differential constraints to exclude the 
auxiliary fields, we obtain formulation of anomalous confor- 
mal cuiTent and shadow field in the standard CFT. 

Besides the gauge invariant approach, we discuss the 
anomalous conformal current and shadow field by using 
Stueckelberg gauge and light-cone gauge conditions. Reasons 
for discussing these two gauge conditions are as follows. 

i) The Stueckelberg gauge reduces our approach to the stan- 
dard formulation of CFT. This is to say that use of the Stueck- 
elberg gauge allows us to demonstrate how the standard ap- 
proach to anomalous conformal current and shadow field is 
connected with our gauge invariant approach. 
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ii) Studying of CFT in the light-cone gauge frame is motivated 
by the conjectured duality of the supersymmetric Yang-Mills 
theory and AdS superstring theory |6]. We expect, by anal- 
ogy with flat space, that a quantization of the type IIB Green- 
Schwarz AdS superstrin g ItII will be straightforward only in 
the light-cone gauge flS MlOll . Therefore we think that, from 
the stringy perspective of AdS/CFT correspondence, the light- 
cone approach to CFT deserves to be understood better In 
this respect, we note that our approach provides quick access 
to the light-cone gauge formulation of CFT. This implies that 
our approach gives easy access to the studying of AdS/CFT 
correspondence in light-cone gauge. This seems to be impor- 
tant for future application of our approach to the studying of 
string/gauge theory duality. 

We use our gauge invariant formulation of CFT for the 
studying AdS/CFT correspondence between arbitrary spin 
massive AdS field and the corresponding arbitrary spin bound- 
ary anomalous conformal current and shadow field. Namely, 
we show that non-normalizable modes of arbitrary spin-s 
massive AdS field are related to arbitrary spin-s anomalous 
shadow field, while normalizable modes of arbitrary spin-s 
massive AdS field are related to arbitrary spin-s anomalous 
conformal current. We recall that, in earlier literature, the 
AdS/CFT correspondence between non-normalizable modes 
of massive spin-1 and spin-2 AdS fields and the correspond- 
ing spin-1 and spin-2 anomalous shadow fields was studied 
in Refs. Bl ll 11211 . The AdS/CFT correspondence for spin-s 



massive AdS field with s > 2 and the corresponding spin-s 
anomalous conformal current and shadow field has not been 
considered in the earlier literature. Our treatment of AdS/CFT 
correspondence is summarized as follows. 

i) We exploit the CFT adapted gauge invariant approach to 
massive AdS fields and modified de Donder gauge obtained 
in Refs. il3Ul4ll . The modified de Donder gauge leads to the 
simple decoupled bulk equations of motion which are easily 
solved. We show that the two-point gauge invariant vertex 
of the arbitrary spin-s anomalous shadow field does indeed 
emerge from massive arbitrary spin-s AdS field action when 
it is evaluated on solution of the Dirichlet problem. Through- 
out this paper the AdS field action evaluated on the solution 
of the Dirichlet problem is referred to as effective action. 

ii) The number of boundary gauge fields involved in our ap- 
proach to the anomalous conformal current (or anomalous 
shadow field) coincides with the number of gauge fields in- 
volved in the CFT adapted formulation of massive AdS field 
inRef.lJJ]. 

iii) The number of gauge transformation parameters involved 
in our approach to the anomalous conformal current (or 
anomalous shadow field) coincides with the number of gauge 
transformation parameters involved in the CFT adapted gauge 
invariant formulation of massive AdS field in Ref. il4ll . 



iv) The modified de Donder gauge for massive bulk field is 
related to the differential constraint for boundary anomalous 
conformal current (or anomalous shadow field). 

v) On-shell leftover gauge symmetries of massive bulk field 
are related to the gauge symmetries of boundary anomalous 
conformal current (or anomalous shadow field). 

Our paper is organized as follows. 

In Sec. ini we summarize our notation and conventions. 

Section|III]is devoted to gauge invariant formulation of arbi- 
trary spin-s anomalous conformal current. We discuss gauge 
symmetries and realization of global conformal algebras sym- 
metries on space of gauge fields we use for the description of 
the anomalous conformal current. We demonstrate how our 
gauge invariant approach is related to the standard CFT. Also, 
using our approach, we obtain light-cone gauge description of 
the arbitrary spin-s anomalous conformal current. 

In Sec. IIVI we extend results in Sec. |III] to the case of 
arbitrary spin-s anomalous shadow field. Also, we find gauge 
invariant two-point vertex for the arbitrary spin-s anomalous 
shadow field. We discuss the two-point vertex in Stueckelberg 
gauge frame and in light-cone gauge frame. 

In Sec. |V] we discuss the two-point current-shadow field 
interaction vertex. 

In Sec. |VH we review the CFT adapted gauge invariant ap- 
proach to massive arbitrary spin AdS field. Because the use of 
the modified de Donder gauge makes our study of AdS/CFT 
correspondence for arbitrary spin fields similar to the one for 
scalar field, we briefly review the AdS/CFT correspondence 
for the scalar field. 

Section IVIII is devoted to the study of AdS/CFT corre- 
spondence between normalizable modes of massive spin-s 
AdS field and spin-s anomalous conformal current, while, 
in Sec lVIIII we study the AdS/CFT correspondence between 
non-normalizable modes of massive spin-s AdS field and 
spin-s anomalous shadow field. 

SectionllXlsumm arizes our conclusions and suggests direc- 
tions for future research. 

In Appendix, we present some details of matching of the 
bulk and boundary conformal boost symmetries. 



II. PRELIMINARIES 
A. Notation 

We use the following conventions. The Cartesian coor- 
dinates in d-dimensional flat space-time are denoted by x°', 
while derivatives with respect to are denoted by da, da = 
d/dx"". The vector indices of the Lorentz algebra so{d— 1, 1) 
take the values a, 6, c, e = 0, 1, . . . , d — 1. We use the mostly 
positive flat metric tensor 77°'' and, to simplify our expressions. 



3 



we drop r/ab in scalar products: X'^Y"- = r]abX°-Y^. Creation 
operators a"', a^, C and the respective annihilation operators 
a", a^, C are referred to as oscillators.^ Commutation rela- 
tions of the oscillators, the vacuum |0), and hermitian conju- 
gation rules are defined as 

[a^a'']=77'^^ [a\a^]^l, [C, C] = 1 , (2.1) 
a'^|0)=0, a^|0)=0, C|0)=0, (2.2) 

a'^^a\ C=C (2.3) „ = , 1 2-2 



ad = a^d" , 


ad = 


a^d" , 


(2.5) 


a^ = a^a" , 


a' = 




(2.6) 


No. = a^a" , 


N, = 


: a^'a'' , 


7Vc = CC, (2.7) 


iVi — OL Ct — 


(y. OL , 






nii'^i = 1 - 


1 




(2.9) 






-d) 



/X = 1 - -a^a^ , (2.10) 



The oscillators a", a"^ and a^, a^, C transform in the re- _ ^ 

spective vector and scalar representations of the Lorentz al- C = a — a 2 _|_ _ 2 ^ ' (2.11) 
gebra so((i — 1, 1). Throughout this paper we use operators 

constructed out of the derivatives, coordinates, and the oscil- (j<^ ^ q.^ _ 1q,<»q,2 ^ (2.12) 



lators. 
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□ = 5'^5^ xa = x'^a^ a;^EEa;''x^ (2.4) 

^ We use oscillators to handle the many indices appearing for tensor fields 
(discussion of oscillator formulation may be found in Refs. fT^fT^ .) 



(s + ^-iVc)(K-s-^+iVc)(K+l + iVc) 
2(s + ^ - iVc - N,){k + TVc - + TVc - + 1)/ ' 

(2.13) 

^s^!i^-N,){K^s + ^-N,){K-\-N,) V'^ 



" \2{s+!^-N^~N,){k + Nc-N,){k + N^-N,-1)) ' 

where parameter k appearing in ( 12.131 ) is defined below in ( I3.4l i. Throughout the paper the notation A G [n]2 implies that 

A = — rt, — ?i + 2, — n + 4, . . . , n — 4, n — 2, n: 

A e [n]2 =^ A = -n, -?i + 2, -n + 4, . . . ,n - 4, n - 2,n . (2.14) 
Often, we use the following set of scalar, vector, and totally symmetric tensor fields of the Lorentz algebra so{d — 1, 1): 



,a\...a„ 



S 



' = 0,l,...,s, Ae[s-s']2, (2.15) 



where is rank-s' totally symmetric traceful tensorfield of the Lorentz algebra so{d~ 1, 1). To illustrate the field content 

given in ( 12.15b . we use shortcut 4>\ for the field <p'^^"'"'^' and note that fields in ( 12.15b can be represented as 



AS— 1 — 1 



•■• €-2 



(2.16) 



I 

Our conventions for light-cone frame are as follows. The where the coordinates in ± directions are defined as 
space-time coordinates are decomposed 
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(x'^-i ± x^)lV2 and x+ is taken to be a light-cone time. 
Vector indices of the so{d — 2) algebra take values i,j = 
1, . . . , d — 2. We use the following conventions for the deriva- 
tives: 

d' = a, EE d/dx' , d^^d^ = d/dx"^ . (2.17) 



is equal to zero, while, in the gauge invariant approach to 
anomalous conformal current and shadow field we develop in 
this paper, the operator i?" is nontrivial. This is to say that, 
in the framework of our gauge invariant approach, the com- 
plete description of the conformal current and shadow field 
requires, among other things, finding the operator i?". 



B. Global conformal symmetries 

In d-dimensional flat space-time, the conformal algebra 
so((i, 2) consists of translation generators P", dilatation gen- 
erator D, conformal boost generators K'\ and generators of 
the so{d — 1, 1) Lorentz algebra J"*". We use the following 
nontrivial commutators of the conformal algebra: 

(2.18) 

= + 3 terms . 

Let (f) denotes anomalous conformal current (or anomalous 
shadow field) in the d-dimensional flat space-time. Under the 
action of conformal algebra, the </> transforms as 

Jg0 = G0, (2.19) 

where the realization of the conformal algebra generators G 

on space of is given by 

P"" ^d" , (2.20) 

J"'' =x''d'' -x^'d" + Ar\ (2.21) 

D = xd + A, (2.22) 

= Kl^M + , (2.23) 

Kl^ j^j = - ix^S" + x^D + W'^x'' . (2.24) 

In relations ( I2.21b - (l2.23l l. A is an operator of conformal di- 
mension, while M"-^ is a spin operator of the Lorentz algebra, 

j^.^ab^ ^,^ce] ^ ^f'c^./ae ^ 3 ^^^^^ _ (2.25) 

The spin operator of the Lorentz algebra is well known for 
arbitrary spin anomalous conformal current and shadow field 
(see ( 12.81 )). In general, operator i?° appearing in (|2.23t de- 
pends on the derivatives and does not depend on the space- 
time coordinates.^ In the standard CFT, the operator i?" 



III. ARBITRARY SPIN ANOMALOUS CONFORMAL 
CURRENT 

A. Gauge invariant formulation 

Field content. To develop gauge invariant formulation of 
arbitrary spin-s anomalous conformal current in flat space of 
dimension d > 4 we use the following fields: 

•^cur;"''- S' = 0,1,...,S, Xe[s-S']2. (3.1) 

We note that: 

i) In ( I3.lt , the fields (j)cui\X and 0°^^. ^ are the respective 
scalar and vector fields of the Lorentz algebra, while the field 
'^cui- A°'' ^ rank-s' totally symmetric traceful tensor 
field of the Lorentz algebra so{d — 1,1). Using shortcut (pj^ 
for the field 0°^^ fields in ( 13.1b can be represented as in 

dTTel i. 

ii) The tensor fields 0cui a'^ ^^'-^ s' > 4 satisfy the double- 
tracelessness constraint 

(/-cur.A = > s = 4, 5, . . . , s . (3.2) 

iii) The fields cfi^^'^'x"' ^^^^ following conformal dimen- 
sions: 

a(C;.:a")-^ + «+a. (3.3) 

iv) In the framework of AdS/CFT correspondence, k is related 
to the mass parameter m of spin-s massive field in AdSd+i as 

I / d — 4\ 2 
K = dm^^ + i^s H —j . (3.4) 

In order to obtain the gauge invariant description in an 
easy-to-use form we use the oscillators and introduce a ket- 
vector |0cur) defined by 

s 

s'=0 



For the anomalous confonnal currents and shadow fields considered in 



this paper, the operator i?" is independent of the derivatives. Dependence 
of the operator _R" on the derivatives appears in the ordinary-derivative 
approach to conformal fields (see Refs. il7ll - ll9ti ). 
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io) . 



From ( 13.51 ). we see that the ket- vector \(f>cur) is degree-s ho- 
mogeneous polynomial in the oscillators a"-, a^, C while the 
ket- vector l^^ui ) is degree-s' homogeneous polynomial in the 
oscillators a", i.e., these ket-vectors satisfy the relations 

(7V„ +N, + N^- s)|0e,u.) = , (3.6) 

(7V„-s')l0cur)=O. (3.7) 

In terms of the ket-vector |0cui), double-tracelessness con- 
straint (I3.2l l takes the form'* 



0. 



(3.8) 



Differential constraint. We find the following differential 
constraint for the anomalous conformal current: 



Ccui 1 0c 



0. 



(3.9) 



Ccur =ad- ^ada^ - ei^curH'^-^' + ^ei.cura^ , (3.10) 



ei.cur = C,rcP^ a^r^ , 



(3.11) 



where the operators H'^-^', r^, are defined in (|2.9l l. ( 12.131 1. 
One can make sure that constraint ( 13. 9t is invariant under 
gauge transformation and conformal algebra transformations 
which we discuss below. 

Gauge symmetries. We now discuss gauge symmetries of 
the anomalous conformal current. To this end we introduce 
the following gauge transformation parameters: 

Cu-A^ s' = 0,l,...,s-l, Ae 

(3.12) 

We note that 

i) In ( 13.12b . the gauge transformation parameters ^cur,A and 
?cur A respective scalar and vector fields of the Lorentz 

algebra, while the gauge transformation parameter ■^cur a'^ ' 
s' > 1, is rank-s' totally symmetric tensor field of the Lorentz 
algebra so{d — 1, 1). 



In this paper we adapt the formulation in terms of the double tracelless 
gauge fields (20ll . To develop the gauge invariant approach one can use 
unconstrained gauge fields studied in Refs.| 21]. Discussion of other gauge 
fields which seem to be most suitable for the theory of interacting fields 
may be found, e.g., in i23l . 



ii) The gauge transformation parameters S^^^^. ^ 
satisfy the tracelessness constraint, 

,aaa,...a^, ^ Q ^ s' = 2, 3, . . . , S - 1 

j.ai...a 

uiiiauoii pmaiiicLcis < 

conformal dimensions 



' with s' > 2 



Cu7a'"''=0- s' = 2,3,...,s-1. (3.13) 
iii) The gauge transformation parameters Ccur a'^ ^^^^ the 



A(Cr;A") = 2 + '^+^-i' 



(3.14) 



Now, as usually, we collect the gauge transformation pa- 
rameters in a ket-vector |^cur) defined by 



ICcur) — ["^cur) J 

s'=0 

ICcur) 



(3.15) 



az 



■C;rio). 



Ae[s-l-s']2 S'.^i y 2 

The ket-vectors |^cur), l^cm) satisfy the algebraic constraints 

(iV„ + Nz + N^-.s + l)|ecur) = , (3.16) 
(Nc - ^ , (3.17) 

which tell us that |^cur) is adegree-(s — l) homogeneous poly- 
nomial in the oscillators a", a^, while the ket-vector |^cur) 
is degree-s' homogeneous polynomial in the oscillators a" . In 
terms of the ket-vector |^cur), tracelessness constraint ( 13.131 ) 
takes the form 



0. 



(3.18) 



Gauge transformation can entirely be written in terms of 
\(j)cur) and l^cur). This is to say that gauge ti^ansformation 
takes the form 



^cur ICc 



ad — e 



1 



l.cur — a 



(3.19) 
(3.20) 



2Na + d - 2 

where ei^cur, ei^cur are given in ( 13.111 ). As we have already 
said, constraint ( 13.91 ) is invariant under gauge transformation 
dHHl. 

Realization of conformal algebra symmetries. To com- 
plete the gauge invariant formulation of the spin-s anomalous 
conformal current we provide realization of the conformal al- 
gebra symmetries on space of the ket-vector |0cm )- All that is 
needed is to fix the operators M°'^, A, and and insert then 
these operators into ( I2.20b - (l2.23b . Realization of the spin op- 
erator M"-^ on ket-vector {(pcui) (13.5b is given in (12.8b , while 
realization of the operator A, 



Acur = 2 ^ ' 



i^ = K + N(;-Nz, (3.21) 
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can be read from ( 13.31 1. In the gauge invariant formulation, 
finding the operator i?° provides the real difficulty. We find 
the following realization of the operator i?" on space of | (pcui) ■ 



-2Cr^((i^ + l)a"-Cl) 



1 



2Na + d-2 



(3.22) 



where the operators C", CI are given in ( I2.11I ).( |2?T2] |. while 
the operators r(;, Tz are defined in ( 12.13b . 

We derived the differential constraint, gauge transforma- 
tion, and the realization of the operator i?"^. by generalizing 
our results for the spin-s conformal current with the canonical 
dimension which we obtained in Reffi*]. It is worthwhile to 
note that results in this section can also be obtained by using 
the tractor approach in Refs. i23ll24ll ^. Our constraint ( 13. 9t and 
gauge transformation (|3.19l l can be matched with the ones in 
Ref. |23i1 by using appropriate field redefinitions. The basis of 
the fields we use in this paper turns out to be more convenient 
for the study of AdS/CFT correspondence. To summarize, our 
fields ( 13.11 ) can be written as a tractor rank-s tensor field sub- 
ject to a Thomas-D divergence type constraint in Ref.|23]. A 
similar construction was used to describe spin-s massive bulk 
field in Ref. 12311. Note that, in our approach, we use our fields 
(13.1b for the discussion of spin-s anomalous conformal cur- 
rent. 



B. Stueckelberg gauge frame 

We proceed with discussion of the spin-s anomalous con- 
formal current in the Stueckelberg gauge frame. To this end 
we note that the Stueckelberg gauge frame is achieved through 
the use of differential constraint ( 13.91) and the Stueckelberg 
gauge condition. From ( 13.191 ), we see that a field defined by 



r(K-s- i^)r(K+s-s')\i/2 



(s-s')!V T{n-s'-^)T{K) 



Relation (13.251) tells us that all fields 



with s' > 2 



become traceless. From relation ( 13.261 ), we learn that the fields 
^'cm \ '' ^i'-'^ ^ ^ s — s' become equal to zero, while the fields 
'^cui- A °' ^^'■^ A = s — s' and s' = 0, 1, ... s — 1 are expressed 
in terms of the rank-s traceless tensor field (/>cur 0"°' 



cur, A 



0, 



for A 7^ s 



(3.27) 



cur,s — s' 



f'cur.O 



(3.28) 

We recall that, in the standard CFT, the spin-s anomalous 
conformal current is described by the traceless field (f>cuio°- 
Thus we see that making use of the gauge symmetry and 
differential constraint we reduce the field content of our ap- 
proach to the one in the standard CFT. In other words, use of 
the gauge symmetry and differential constraint allows us to 
match our approach and the standard formulation of the spin- 
s anomalous conformal current^. To summarize, our gauge 
invariant approach is equivalent to the standard one. 



C. Light-cone gauge frame 

We now discuss the spin-s anomalous conformal current in 
the light-cone gauge frame. To this end we note that, for the 
anomalous conformal current, the light-cone gauge frame is 
achieved through the use of differential constraint ( 13. 9b and 
light-cone gauge condition. Using gauge symmetry of the 
spin-s anomalous conformal current ( 13. 19b . we impose the 
light-cone gauge on the |0cur). 



0, 



(3.29) 



(3.23) 



where II'^-^' is given in ( 12. 9b . Using gauge ( 13. 29b and differ- 
ential constraint ( 13. 9b . we find 



transforms as Stueckelberg field. Therefore this field can be 
gauged away via Stueckelberg gauge fixing, 



= 0, 



(3.24) 



where 11'^^' is given in ( 12.9b . Using gauge condition ( 13.24b 
and differential constraint ( 13.91 ). we find the relations 



(3.25) 
(3.26) 



^ In mathematical literature, interesting discussion of the tractor approach 
may be found in Ref. (2^. 



exp 



eic 



I0cur> , (3.30) 



I.C.N 

cur/ 



0, 



where a light-cone ket-vector |(/), 
( 13.5b by equating = = 0, 



I.e. 



(3.31) 

is obtained from \<f>cui-) 



^cur) 



10c 



ct+— a"" — 



(3.32) 



* We note that, as in the standard CFT, our currents can be considered either 
as composite operators or as fundamental field degrees of freedom. At the 
group theoretical level, we study in this paper, this distinction does not 
matter. Methods for building conformal cuiTents as composite operators 
are discussed in Refs. (2dl . 



7 



We see that we are left with hght-cone fields 



s' = 0,l,. 



.,s, 



A e [s - s']2 , (3.33) 



which are traceless tensor fields of so{d — 2) algebra, 
'/'cur A* ~ ^- These fields constitute the field content of the 
light-cone gauge frame. Note that, in contrast to the Stueck- 
elberg gauge frame, all fields are not equal to zero. 

Also note that, in contrast to the gauge invariant approach, the 
fields ( 13.331 ) are not subject to any differential constraint. 



IV. ARBITRARY SPIN ANOMALOUS SHADOW FIELD 



A. Gauge invariant formulation 



From (14.4b . we see that the ket- vector \(f>sh) is degree-s ho- 
mogeneous polynomial in the oscillators a", a^, while the 
ket-vector \(f>sh) degree-s' homogeneous polynomial in the 
oscillators a°, i.e., these ket-vectors satisfy the relations 

(iV„ + iV, + 7Vc-s)|0sh) =0, (4.5) 

iN^-s'Mi)=0. (4.6) 

In terms of the ket-vector |0sh), double-tracelessness con- 
straint ( 14.21 ) takes the form 



(4.7) 



Differential constraint. We find the following differential 
constraint for the anomalous shadow field: 



Field content. To discuss gauge invariant formulation of 
arbitrary spin-s anomalous shadow field in flat space of di- 
mension > 4 we use the following fields: 



iai...a^ 



s'-0,l, 



..,s, 



\e[s-s'h. (4.1) 



We note that: 

i) In ( 14.1b . the fields (j>sh.\ and (p^^ are the respective scalar 
and vector fields of the Lorentz algebra, while the field 
'/'sh a"" ' ^' ^ ^' rank-.s' totally symmetric traceful tensor 
field of the Lorentz algebra so{d — 1,1). Using shortcut (fi^ 
for the field fields in (14.1b can be represented as in 

dani. 

ii) The tensor fields (psh x"^"' ^i*^ s' > 4 satisfy the double- 
tracelessness constraint 



^sh,A 



0, 



4,5,...,s. 



(4.2) 



iii) The fields (f>g^"x'^°' have the following conformal dimen- 
sions: 



ai...a ,\ ^ 

sh,A ) = 2 - + ' 



(4.3) 



iv) In the framework of AdS/CFT correspondence, k is related 
to the mass parameter m of spin-s massive field in AdSd+i as 
in (El). 

In order to obtain the gauge invariant description in an 
easy-to-use form we use the oscillators and introduce a ket- 
vector \(j>sh) defined by 



s'=0 

mi) 



(4.4) 



. / '^sh.A |0>- 



Csh\ 



= 0, 



Csh = ad — -ada^ 
ei,sh = C''C + a^r^D , 



1 



(4.8) 



(4.9) 



(4.10) 



where the operators 11'^^', r^, are defined in ( 12.9b . ( 12.131 ). 
One can make sure that constraint ( 14.81 ) is invariant under 
gauge transformation and conformal algebra transformations 
which we discuss below. 

Gauge symmetries. We now discuss gauge symmetries of 
the anomalous shadow field. To this end we introduce the 
following gauge transformation parameters: 



sh.A 



s' = 0,l,...,s- 1, Ae[s-l-s']2. 

(4.11) 

We note that 

i) In ( 14.111 ). the gauge transformation parameters ^sh,A and 
^gjj X are the respective scalar and vector fields of the Lorentz 
algebra, while the gauge transformation parameter ■C^h a "' ' 
s' > 1, is rank-s' totally symmetric tensor field of the Lorentz 
algebra so{d —1,1). 

ii) The gauge transformation parameters Crh A ^^' with s' > 2 
satisfy the tracelessness constraint 



^sh,X — U ' A — Z, O, . . . , S i . 



(4.12) 



iii) The gauge transformation parameters C^h a "° have the 
conformal dimensions 



a(C:a°") 



K. + A - 1 , 



(4.13) 



Now, as usually, we collect the gauge transformation pa- 
rameters in a ket-vector |fsh) defined by 



s-l 
s'=0 



(4.14) 
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sh/ 



E 



C" 



-l-s' + X 



. a" 



\e[s-i-s']2 s 



The ket-vectors |^sh), |^|h) satisfy the algebraic constraints 

(N^ + Nz + N^-s + msh) =0, (4.15) 
(^c.-s')|Ch) -0, (4.16) 

which tell us that |^sh) is a degree- (s — 1) homogeneous poly- 
nomial in the oscillators a", a^, C,, while the ket-vector 
is degree-s' homogeneous polynomial in the oscillators a". 
In terms of the ket-vector |^sh), ti-acelessness constraint (14.12b 
takes the form 

a'ICsh)=0. (4.17) 

Gauge transformation can entirely be written in terms of 
\(j)sh) and l^sh)- This is to say that gauge transformation takes 
the form 



t>sh) = GshlCsh) , 



Gsh ^ ad~ ei,sh - 



1 



2Na + d-2 



ei,sh : 



(4.18) 



(4.19) 



where ei ei sh are given in ( 14.101 ). Constraint ( 14.81 ) is in- 
variant under gauge transformation ( 14.181 ). 

Realization of conformal algebra symmetries. To com- 
plete the gauge invariant formulation of the spin-s anomalous 
shadow field we provide realization of the conformal algebra 
symmetries on space of the ket-vector {(psh)- All that is re- 
quired is to fix the operators i\f A, and and insert then 
these operators into ( I2.20I )-( |2!23T |. Realization of the spin op- 
erator M""^ on ket-vector \(psh) ( 14.4b is given in (12.81) . while 
reahzation of the operator A, 



Ash = 2 ~ ^ ^ 



= K + N(; - Nz 



(4.20) 



can be read from (14.3b . Realization of the operator i?" on 
space of l^sh), which we find, is given by 



CUrcC, (4.21) 



R^^ = 2a'rJiiy-l)a'' + Cl 



1 



2Na + d-2 



where the operators C", are given in ( 12. lib . ( 12. 12b . while 
the operators r(^, are defined in ( 12.13b . 

Two-point gauge invariant vertex. We now discuss two- 
point vertex for the spin-s anomalous shadow field. This is 



to say that we find the following gauge invariant two-point 
vertex: 



r = / d'^Xid'^X2Ti2 , 



(4.22) 



ri2 = ^(0sh(xi)i ,^^{;;^j 0sh(x2)) , (4.23) 



2 \Xi2\ 

r(i/ + f)r(;/ + i) 



(4.24) 



1^ = K + Nt^~ Nz, (4.25) 

|xi2p = a;?2a;?2, = - , (4.26) 

where fj, is given in ( 12. 10b . Vertex T ( 14. 22b is invariant un- 
der gauge transformation of the anomalous shadow field \(f>sh) 
( 14. 18b provided this anomalous shadow field satisfies differ- 
ential constraint ( 14.8b . The vertex is obviously invariant under 
the Poincare algebra and dilatation symmetries. We make sure 
that vertex ( 14.22b is invariant under the conformal boost trans- 
formations. 

To illustrate structure of the vertex we note that, in 
terms of the tensor fields ^"h ' vertex ( 14. 23b can be 
represented as 

s 

ri2=5] ^12. A, (4-27) 

s'=o xe[s-s']2 



j^s' / ,ai...a^/ f N ,ai...ag;/ n 



S {s 1) ,aaa3...a ; / 6603. ..a// ni /a^o\ 

7, (f'sh,\ (2;i)<^sh,A (2^2) , (4.28) 



_ r(K-A + |)r(K-A + i) 
" 4^r(« + f)r(K + i) 



(4.29) 



We note that the kernel of the vertex F is connected with 
a two-point correlation function of the anomalous conformal 
current. In the framework of our approach, the anomalous 
conformal current is described by gauge fields ( 13.1b subject 
to differential constraints. In order to discuss the correla- 
tion function of the spin-s anomalous conformal current in 
a proper way, we can impose a gauge condition on the gauge 
fields given in ( 13.1b . Recall that we have considered the spin- 
s anomalous conformal current by using the Stueckelberg and 
light-cone gauge frames. Obviously, the two-point correlation 
function of the anomalous conformal current in the Stueckel- 
berg and light-cone gauge frames is obtained from the two- 
point vertex F taken in the respective Stueckelberg and light- 
cone gauge frames. To this end we proceed by discussing the 
anomalous shadow field in the Stueckelberg and light-cone 
gauge frames. 
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B. Stueckelberg gauge frame 



-psi 

1 



stand 



= .si 



{cl>t^{x^)\Ou\^l^,{x2)) , 



(4.37) 



We now discuss the spin-s anomalous shadow field in the 
Stueckelberg gauge frame. We note that the Stueckelberg 
gauge frame can be achieved through the use of differential 
constraint given in ( 14. 8t and the Stueckelberg gauge condi- 
tion. From ( 14.1 St , we see that a field defined by 



Cnt^-^i I 



(4.30) 



transforms as Stueckelberg field. Therefore this field can be 
gauged away via Stueckelberg gauge fixing, 



Cn 



1.2] I 



= 0. 



(4.31) 



Using this gauge condition and differential constraint ( 14.81) 
we find the following relations: 



\cl^i)=X,,,ar"{adr-^'\<l>l^). 



(4.32) 
(4.33) 



(s - s')! Vr(K+s +^)r(K-s+i +s') 



Relation (l432b tells us that all fields ^ll;'^'' with s' > 2 
become traceless. From relation ( 14.331 ), we learn that the fields 
(/>gjj A ^^'^ ^ 7^ s — s' become equal to zero, while the fields 
^sh A°°' ^i'-'^ ^ ^ s — s' and s' = 0, 1, . . . , s — 1 are expressed 
in terms of the rank-s traceless tensor field 4'th o'^°' 

Ca"''=0, for A^s-s', (4.34) 

(4.35) 

We recall that, in the standard CFT, the spin-s anomalous 
shadow field is described by the traceless rank-s tensor field 
•^sh o "°- Thus we see that making use of the gauge symmetry 
and differential constraint we reduce the field content of our 
approach to the one in the standard CFT. In other words, use 
of the gauge symmetry and differential constraint allows us 
to match our approach and the standard formulation of the 
anomalous shadow field. To summarize, our gauge invariant 
approach is equivalent to the standard one. 

We now discuss Stueckelberg gauge-fixed two-point vertex 
of the anomalous shadow field. In other words, we are going 
to connect our vertex ( 14.22b with the one in the standard CFT. 
To do that we note that vertex of the standard CFT is obtained 
from our gauge invariant vertex ( 14.221 ) by plugging solution to 
the differential constraint ( 14.331 ) into (14.22b . Doing so, we find 
the following two-point density (up to total derivative) in the 
Stueckelberg gauge frame: 



r 



stuck. g.fram 

12 — 



stand 
12 : 



(4.36) 



Oi2 



^ (-)"2" {axi2 

n=0 



n 



\Xl2 



2K+d+2n 



2K + 2s + d-2 
2s!(2K + d- 2) 



(4.38) 



(4.39) 



where axi2 — a'^'xl2, ax\2 — o°-x\2 and Tfj^"^ in (14.361) . 
( 14.37b stands for the two-point vertex of the spin-s anomalous 
shadow field in the standard CFT. Relation ( 14.37b provides 
oscillator representation for the rf2^"'^. In terms of the tensor 
field '^sh'o''^' '^srtex rfj*""^ ( 14.371 ) can be represented in the 
commonly used form. 



nstand 



^12 



■ ^12 



Fl2 



\2K+d 



"sh.O 



^12 



V 



e) a b 



Fl2 



>2) , (4.40) 



(4.41) 



From ( 14.36b . we see that our gauge invariant vertex V12 con- 
sidered in the Stueckelberg gauge frame coincides, up to nor- 
malization factor kg, with the two-point vertex in the stan- 
dard CFT. In section llllBI we have demonstrated that, in the 
Stueckelberg gauge frame, we are left with rank-s traceless 
tensor field (/'"u^. q""'. Two-point correlation function of this 
tensor field is defined by the kernel of vertex r^*^"*^ ( 14.40b . 



C. Light-cone gauge frame 

We proceed with discussion of the anomalous shadow field 
in the light-cone gauge frame. For the anomalous shadow 
field, the light-cone gauge frame can be achieved through the 
use of differential constraint (14.8b and light-cone gauge condi- 
tion. Using gauge symmetry of the spin-s anomalous shadow 
field ( 14.18b . we impose the light-cone gauge on the l^sh). 



+ TT[1'21 



fsh, 



= 0, 



(4.42) 



where 11'^^' is given in ( 12. 9b . Using gauge condition ( 14.421 ) 
and differential constraint (14.81). we obtain 



,h) = exp(-|^(a^9' ~ gi.h)) \<P'^-) , (4.43) 



0, 



(4.44) 



where a light-cone ket-vector \(f)].^') is obtained from \(t>sh) 
(|4.4b by equating = = 0, 



a+ — a" —0 



(4.45) 
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We see that we are left with light-cone fields 



ill. ..I. 

Kh.x 



0,1,. 



.,s. 



A e [s - s'h , (4.46) 



which are traceless tensor fields of so{d — 2) algebra, 
'^sh\ ^ ~ ^- These fields constitute the field content of the 
light-cone gauge frame. Note that, in contrast to the Stueck- 
elberg gauge frame, all fields (f>ll^'x"' are not equal to zero. 
Also note that, in contrast to the gauge invariant approach, 
fields ( 14.461 ) are not subject to any differential constraint. Us- 
ing ( 14.431 ) in ( 14.231 ) leads to light-cone gauge-fixed vertex 



nl.C. 



(0ih"(^i)li 



Fl2 



(4.47) 



where f^, is defined in ( I4.24l i. 

To illustrate the structure of vertex F^ j' (14.471 1 we note that, 
' , the vertex can be represented as 



in terms of the fields 



,21 ...J 



T^l.C. 

^ 12 — 



E E 

s'=0 Ae[s-s']2 



ps' I.e. 
^ 12, A ■ 



(4.48) 



-^s' I.e. 

12, A - 



2s'!|a;i2p«-2^+'i 



<^^h.A^>l)^sh.A^>2), (4.49) 



where w\ is given in ( |4.29t . We see that, as in the case of 
gauge invariant vertex, light-cone vertex ( 14.481 1 is diagonal 
with respect to the light-cone fields (j^lh x''- Note however 
that, in contrast to the gauge invariant vertex, the light-cone 
vertex is constructed out of the light-cone fields which are not 
subject to any differential constraints. 

Thus, we see that our gauge invariant vertex does indeed 
provide easy and quick access to the light-cone gauge vertex. 
Namely, all that is needed to obtain light-cone gauge vertex 
(14.48b is to remove traces of the tensor fields (pg^ 'x"^"' and re- 
place the so{d —1,1) Lorentz algebra vector indices appear- 
ing in gauge invariant vertex (14.231) by the respective vector 
indices of the so{d — 2) algebra. 

The kernel of the light-cone vertex gives the two-point cor- 
relation function of the spin-s anomalous conformal current 
taken to be in the light-cone gauge. Defining two-point corre- 
lation functions of the fields o!)'!,',.'V as the second functional 



derivative of T with respect to the shadow fields 
obtain the following correlation functions: 



we 



cur, A 



Ct'(^2)) 



V. TWO-POINT CURRENT-SHADOW FIELD 
INTERACTION VERTEX 

We now briefly discuss the two-point current-shadow field 
interaction vertex. In our approach, this interaction vertex is 
determined by requiring that: 

i) the vertex is invariant under both gauge transformations of 
anomalous conformal current and shadow field; 

ii) vertex is invariant under conformal algebra transforma- 
tions. 

We find the foUowing vertex: 



(5.1) 



where fj, is given in ( 12.101 ). We note that, under gauge transfor- 
mation of the anomalous conformal current ( 13.191 ). the varia- 
tion of vertex ( 15. Il l takes the form (up to total derivative) 



"(Ceur|C'sh|0sh) 



(5.2) 



From i5.2i . we see that the vertex C is invariant under gauge 
transformation of the anomalous conformal current provided 
the anomalous shadow field satisfies differential constraint 
(14.8b . Next, we note that under gauge transformation of the 
anomalous shadow field ( 14.18b the gauge variation of vertex 
(15.1b takes the form (up to total derivative) 



(5.3) 



From ( 15.3b . we see that the vertex C is invariant under gauge 
transformation of the anomalous shadow field provided the 
anomalous conformal current satisfies differential constraint 



Using the realization of the conformal algebra symmetries 
obtained in Sections [IIIIIVI we make sure that vertex C ( 15.1b 
is invariant under the conformal algebra transformations. 

VI. ADS/CFT CORRESPONDENCE. PRELIMINARIES 

We now study the AdS/CFT correspondence for free ar- 
bitrary spin massive AdS field and boundary arbitrary spin 
anomalous conformal current and shadow field. To study the 
AdS/CFT correspondence we use the gauge invariant CFT 
adapted formulation of massive AdS field and modified de 
Donder gauge condition found in Ref. il4ll .^ We emphasize 



Fl2 



2K+2A+d 



(4.50) 



where w\ is defined in ( 14.29b and n'^ stands for 

the projector on traceless rank-s' tensor field of the so{d — 2) 
algebra. Explicit form of the projector may be found, e.g., in 
Ref.iai. 



' Applications of the standard de Donder gauge to the various problems of 
massless fields may be found in Refs. Recent interesting discussion of 
modified de Donder gauge may be found in Ref.|29]. We believe that our 
modified de Donder gauge will also be useful for better understanding of 
vaiious aspects of AdS/QCD correspondence which are discussed, e.g., in 
Refs.[30(l. 
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that it is the use of our massive gauge fields and the modi- 
fied de Donder gauge condition that leads to the decoupled 
gauge-fixed equations of motion and surprisingly simple La- 
grangian**. The use of our massive gauge fields and the modi- 
fied de Donder gauge condition makes the study of AdS/CFT 
correspondence for arbitrary spin-s massive AdS field similar 
to the one for spin-0 massive AdS field. Owing these proper- 
ties of our massive gauge fields and the modified de Donder 
gauge condition, the computation of effective action is con- 
siderably simplified. Perhaps, this is the main advantage of 
our approach. 

In our approach to the AdS/CFT correspondence, we have 
gauge symmetries not only at AdS side but also at the bound- 
ary CFT. Also, we note that the modified de Donder gauge 
condition turns out to be invariant under on-shell leftover 
gauge symmetries of massive AdS field. This is to say that, 
in the framework of our approach, the study of AdS/CFT cor- 
respondence implies the matching of: 

i) modified de Donder gauge condition for bulk massive field 
and the corresponding differential constraint for boundary 
anomalous conformal current and shadow field; 

ii) on-shell leftover gauge symmetries of bulk massive field 
and the corresponding gauge symmetries of boundary anoma- 
lous conformal current and shadow field; 

iii) on-shell global symmetries of bulk massive field and 
the corresponding global symmetries of boundary anomalous 
conformal current and shadow field; 

iv) an effective action evaluated on the solution of AdS mas- 
sive field equations of motion with the Dirichlet problem cor- 
responding to the boundary anomalous shadow field and the 
boundary two-point gauge invariant vertex for the anomalous 
shadow field. 

As we have already said, to discuss the AdS/CFT cor- 
respondence for bulk arbitrary spin massive AdS field and 
boundary arbitrary spin anomalous conformal current and 
shadow field we use the CFT adapted gauge invariant La- 
grangian and the modified de Donder gauge condition for the 
arbitrary spin massive AdS field found in Ref. lll4ll . We begin 
therefore with the presentation of our result in Ref. lll4ll . 



A. CFT adapted approach to massive arbitrary spin AdS field 

In AdSd+i space, massive spin-s field is described by the 
following scalar, vector, and totally symmetric tensor fields of 



' Our massive gauge fields are obtained from gauge fields used in gauge in- 
variant approach to massive fields in Ref.|31] by the invertible transforma- 
tion which is described in Appendix in Ref.| 14]. Discussion of interesting 
methods for solving AdS field equations of motion without gauge fixing 
may be found in Refs. l32ll . 



the so{d) algebra:' 

s' === 0,l,...,s, Ae[s-s']2. (6.1) 



( ai . . .a„ 



Using shortcut (f>\ for the field , fields in ( 16.11 ) can be 

represented as in ( 12. 16b . The fields </)^^ ' °=' with s' > 4 are 
double-traceless, 



/ aabba^ ...a^ 



' -0, 



, ,s. 



(6.2) 



In order to obtain the gauge invariant description in an 
easy-to-use form we use the oscillators and introduce a ket- 
vector I </)) defined by 



El 

s'=0 



(6.3) 



I ai...a, 



'|0) 



From (16.3b . we see that the ket-vector \(f>) is degree-s ho- 
mogeneous polynomial in the oscillators a'^, a^, C,, while 
the ket-vector j^'* ) is degree-s' homogeneous polynomial in 
the oscillators a". In terms of the ket-vector double- 
tracelessness constraint (16.2b takes the form 



= 0. 



Using the Poincae parametrization of AdSd+i space 
rfs^ = ■^{dx°-dx°- + dzdz) , 



(6.4) 



(6.5) 



we present CFT adapted gauge invariant action and La- 
grangian lll4ll . 



S = / d^'xdzC, 



(6.6) 



where we use the notation 

2 2 

-ei = + T_^+ 1 r^a^ , 



(6.7) 

(6.8) 
(6.9) 
(6.10) 



From now on we use, unless otherwise specified, the Euclidian signature. 
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r. = 9, + - , 

z 



(6.11) 
(6.12) 



and n'^^', /X, r,^, r^, and k are given in (|2.9l l. ( |2.10| l. ( |2.13l l, 
and ( 13. 4t respectively. 

To discuss gauge symmetries of Lagrangian ( 16.71 ) we intro- 
duce the gauge transformations parameters, 

s' = 0,l,...,s-l, Ae [,s-l-s']2, 

(6.13) 

which are scalar, vector, and totally symmetric tensor fields of 
the soid) algebra. The gauge transformation parameters with 
s' > 2 are traceless, — g. 

As usually, we collect the gauge transformation parameters 
in a ket- vector |^) defined by 



10 = E 1^^') ' 



(6.14) 



s'=0 



ir 



-l-a' + A 



E 



a2 



AG[s-i-s']2 sM^'i 2 )■ 



We see that |0 is ^ degree- (s — 1) homogeneous polynomial in 
the oscillators a", a^, C, while the ket-vector ) is degree-s' 
homogeneous polynomial in the oscillators a". 

Lagrangian ( I6.7l i is invariant under the gauge transforma- 
tion (up to total derivative) 



G = ad — e\ — c? 



1 



(6.15) 



(6.16) 



2Na + d-2' 

Global AdS symmetries in CFT adapted approach. As 

is well known relativistic symmetries of fields in AdSd+i 
space are described by the so{d, 2) algebra. Global symme- 
tries of anomalous conformal currents and shadow fields in 
d-dimensional space are also described by the so{d, 2) alge- 
bra. We have discussed global symmetries of anomalous con- 
formal currents and shadow fields by using conformal basis 
of the so{d, 2) algebra in (|2.18t . Therefore, for the studying 
AdS/CFT correspondence, it is convenient to realize the rel- 
ativistic symmetries of fields in AdSd+i space by using also 
the conformal basis of the so{d, 2) algebra. To achieve the 
conformal basis realization of bulk so{d, 2) symmetries we 
use the Poincare parametrization of AdS space ( I6.5l l.'" In 



We note that, in our approach, only so(d — 1, 1) symmetries are real- 
ized manifestly. Symmetiies of the so(d, 2) algebra could be realized 
manifestly by using the framework of ambient space approach (see, e.g., 
Refs.dl-llai). 



the Poincare parametrization, the so{d, 2) algebra transfor- 
mations of arbitrary spin massive AdS field \(f>) is given by 

generators G on space of |0) takes the form 



Qiv^/ = G\(/)), where the realization of the so{d, 2) algebra 



jab ^ ^agb _ ga ^ j^ab ^ 

D = xd + A, A = zd^ + 



d-1 
~2~' 



(6.17) 
(6.18) 

(6.19) 
(6.20) 



1 



x^d" +x''D + M'^'x", (6.21) 



i?'' - R^,^ + R'^,^ , (6.22) 

Rl,^ = zC'^ir^C + r.an " ^(C^C + a''^.)"" , (6.23) 
1 



(6.24) 



and the operator C" is given in ( 12.1 lb . 

Modified de Bonder gauge. Gauge invariant equations of 
motion obtained from Lagrangian ( 16. 7t take the form 



4 



(6.25) 
(6.26) 



G = ad- ^a^ad - eiH'^'"' + ^eia^ , (6.27) 



where G and i' are given in ( 16.8b and ( 16.121 ). Note that, for the 
derivation of ( 16.251 ), we use the relations G^ — —C, 



(6.28) 



Modified de Bonder gauge is defined to be 

C\(j)) = , modified de Donder gauge , (6.29) 



where G is given in ( 16.81 ). Using this gauge in ( 16. 25b leads to 
the simple gauge-fixed equations of motion. 



0, 



(6.30) 



i.e., the gauge-fixed equations turn out to be decoupled. 

We note that the modified de Donder gauge and gauge-fixed 
equations have on-shell leftover gauge symmetry. This is to 
say that modified de Donder gauge ( 16.29b and gauge-fixed 
equations ( 16.301 ) are invariant with respect to gauge transfor- 
mation given in ( 16.151 ) provided the gauge transformation pa- 
rameter satisfies the following equation: 



□.10 = 0. 



(6.31) 
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B. AdS/CFT correspondence for spin-0 field 

As we have already said, the use of our massive gauge 
fields and the modified de Donder gauge makes the study of 
AdS/CFT correspondence for arbitrary spin-s massive AdS 
field similar to the one for spin-0 massive AdS field. There- 
fore, for the reader convenience, we now briefly recall the 
AdS/CFT correspondence for the scalar massive AdS field. 

AdS/CFT correspondence for normalizable modes of 
spin-0 massive AdS field and spin-0 conformal current". 
The action of massive scalar field in AdSd+i background 
takes the form 



S = / d'^xdz C , 



(6.32) 



^ - -VM (5^''5^<I'5p<i> + m2<i>2) . (6.33) 

Using the canonically normalized field ip defined by relation 
$ = z^~(f), we represent Lagrangian ( 16.331 ) as (up to total 
derivative) 



(6.34) 



% = d, + - 

z 



d2 



i/=\/to2 + — . (6.35) 



Note that only for spin-0 massive AdS field the i' takes the 
form given in ( I6.35l l. For spin-s massive AdS field with s > 
the 1/ is given in ( 16.121 ). The equation of motion obtained from 
Lagrangian ( 16.341 ) is given by 



□ .0 = 0, 



(6.36) 



where is defined in ( 16.261 ). The normaUzable solution of 
Eg. ( 16. 361 ) takes the form 



{X,z) = f/^'^^curla;), 

Ut^ = h,^Mzq)q-<^''+i^ , 



(6.37) 
(6.38) 
(6.39) 



where stands for the Bessel function. The asymptotic be- 
havior of solution ( 16.371 ) is given by 



(x,z) 



(6.40) 



From (I6.40l l, we see that the field (pcur is indeed the asymptotic 
boundary value of the normalizable solution. 



11 Also, seeRef.Oll. 



For the case of scalar field, there are no gauge symmetries 
and gauge conditions to be matched. All that is needed to 
complete the AdS/CFT correspondence is to match the bulk 
global symmetries of the AdS field (/)(a;, z) and the respective 
boundary global symmetries of the current (j)cui-{x). Realiza- 
tion of the global symmetries on AdS side and CFT side is 
given in (I6.17b -( l6.24l l and ( I2.20l )-( l2.23l l respectively. Obvi- 
ously, the Poincare symmetries match automatically. Intro- 
ducing the notation Z^^ds ^^'^ ^cft f^^" '^he respective real- 
izations of D symmetry on bulk fields ( |6.19t and boundary 
conformal currents (12.22b . we get the relation 



(6.41) 



where -D^ft corresponding to the conformal spin-0 current 
(/>cur is obtained from ( 12. 22b by using A = | + zy with v given 
in ( 16.35b . From (16.41b . we see that D symmetries of z) 
and (f>cui{x) also match. Finally, using R°'(j)cur{x) = and 
taking into account that, for spin-0 AdS field, R'^g^(p{x, z) = 
0, we see that the K°- symmetries also match. 

AdS/CFT correspondence for non-normalizable modes 
of spin-0 massive AdS field and spin-0 shadow field. As 
shown in Ref.[37], the non-normalizable solution of Eg. ( 16. 36b 
with the Dirichlet problem corresponding to the boundary 
shadow field (t>s]i{x) can be presented as 



(j){x,z) 



d'-vG,{x-y,z)c^M. (6.42) 



Gv{x, z 



(z2 + \x\'^Y+l 

r(^ + f) 
7r'i/2r(i/) ■ 



(6.43) 



(6.44) 



For the later use, we introduce the normalization factor a in 
relation ( 16. 42b . We recall that commonly used value of a is 
achieved by setting (T = 1. The asymptotic behaviors of Green 
function ( 16.431 ) and solution ( 16.421 ) are given by. 



Gy(yX, Z) 



{x,z) 



>0 

-> Z 



'+^S'^{x), 



(6.45) 



(6.46) 



Relation ( 16. 46b tells us that solution ( 16. 42b has indeed asymp- 
totic behavior corresponding to the shadow field. 

Taking into account ( 16. 36b and (16. 32b , (16. 34b , we find the 
well-known expression for effective action,'^ 



S. 



cff 



d xCcS 



(6.47) 



1^ As usually, since solution of the Dirichlet problem )6.42) tends to zero as 
z — > oo, we ignore contribution to S^s when z = oo. 
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^cff 



(6.48) 



Using solution of the Dirichlet problem ( |6.42t in ( |6.47| l. 
( 16.481 1. we get the effective action 



'off 



d'^.id'^x.M^^lj^. (6.49) 



\X12 



Plugging the commonly used value of a, a = 1, into ( |6.49l l, 
we get the properly normalized effective action found in 
Refs. l38l 13911 . An interesting novelty of our computation of 
the effective action is that we use the Fourier transform of the 
Green function. For the details of our computation, see Ap- 
pendix C in RefM- 



VII. ADS/CFT CORRESPONDENCE FOR 
NORMALIZABLE MODES OF MASSIVE ADS FIELD AND 
ANOMALOUS CONFORMAL CURRENT 

We now ready to consider the AdS/CFT correspondence for 
the spin-s massive AdS field and spin-s anomalous conformal 
current. We begin with the discussion of the normalizable 
solution of Eg. (16. 30b . The normalizable solution of Eg. ( 16. 30b 
is given by 

|</)(x,z)) -[/,|0cur(a;)), (7.1) 

U, = K{-f^^Mzq)q-^''+^\ (7.2) 

/i« = 2'^r(K + 1) , (z' = n, (7.3) 

where we do not show explicitly the dependence of on z, q, 
and the parameter k defined in ( 13.41 ). The asymptotic behavior 
of solution (17.11 ) takes the form 



\(t){x,z)) 



(-)^10cur(:E)) . (7.4) 



From ( 17. 4b . we see that |0cur) is indeed boundary value of 
the normalizable solution. In the right-hand side of rela- 
tion ( 17.11 ). we use the notation |0cur) because we are going 
to demonstrate that this boundary value is indeed the gauge 
field appearing in the gauge invariant formulation of the spin- 
s anomalous conformal current in Sec|IIIl Namely, we are go- 
ing to prove the following statements: 

i) For normalizable solution (17.1b . modified de Donder gauge 
condition ( 16. 29b leads to the differential constraint of the spin- 
s anomalous conformal current given in ( 13.9b . 

ii) On-shell leftover gauge transformation (16.15b of normal- 
izable solution ( 17.1b leads to the gauge transformation of the 
spin-s anomalous conformal current given in (I3.19b '^. 



iii) On-shell bulk so{d, 2) symmetries of the normalizable so- 
lution (17.11 ) amount to boundary so{d, 2) conformal symme- 
tries of the spin-s anomalous conformal current. 

To prove these statements we use the following relations for 
the operator U^: 

%_iU,^U,-i, (7.5) 

r_,_iC/. = -C/.+in, (7.6) 

r_,+ i (zC/.) = -zt/.+iD + 2U, , (7.7) 

□.(zC/.+i) = 2(7,, (7.8) 

which, in turn, can be derived by using the following textbook 
identities for the Bessel function: 



(7.9) 



Matching of bulk modified de Donder gauge and bound- 
ary constraint. We now demonstrate how differential con- 
straint for the anomalous conformal current ( 13. 9b is obtained 
from modified de Donder gauge condition ( 16.291 ). Using ( 17.51 ) 
and (17.6b . we find the important relations 



eiU^ = C/i/ei., 



(7.10) 



Acting with operator C ( 16. 8b on solution 10) ( 17. lb and using 
(17.10b . we obtain the relation 



C|0(x, z)) = C/i.Ccui#cur(a;)) , 



(7.11) 



where Ccui is given in ( 13.101 ). From ( 17.111 ). we see that our 
modified de Donder gauge condition ( 16. 29b leads indeed to 
the differential constraint for the anomalous conformal current 
given in ( 13.91 ). 

Matching of bulk and boundary gauge symmetries. We 

now show how gauge transformation of the anomalous con- 
formal current ( 13. 19b is related to the on-shell leftover gauge 
transformation of the massive AdS field (16.15b . To this end we 
note that on-shell leftover gauge transformation of massive 
AdS field is obtained from ( 16.15b by plugging gauge trans- 
formation parameter that satisfies eguation ( 16. 31b into ( 16. 15b . 
The normalizable solution of eguation for the gauge transfor- 
mation parameter ( 16. 31b takes the form 



Ux,z))^U,\Ur{x))^ 



(7.12) 



Note that gauge transformation given in )6.15t is off-shell gauge trans- 



formation. On-shell leftover gauge transformation is obtained from gauge 
transformation )6.15) by using gauge transformation parameter which sat- 
isfies equation )6.3U . 
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where Ui, is given in ( 17.2b . On the one hand, plugging ( 17.12b 
into (16.15b and using (17.10b . we find that bulk on-shell leftover 
gauge transformation takes the form 

5\4>{x,z))^U,G,^,\Ur{x))- (7.13) 
On the other hand, relation ( 17.11 ) leads to 

&\4>{x,z)) =UJ\^,M) ■ (7.14) 

Comparing ( 17.131 ) and ( 17.14b . we conclude that bulk and 
boundary gauge symmetries does indeed match. 

Matching of bulk and boundary global symmetries. 

Now we are going to demonstrate the matching of the so{d, 2) 
algebra generators for bulk massive AdS field in ( I6.17l )-( l6.20b 
and the ones for the boundary anomalous conformal current 
in ( I2.20l )-( l2.23b . Representation for generators of the so(d, 2) 
algebra given in ( I6.17l )-( l6l20l ) is valid for the gauge invariant 
theory of AdS fields. Note however that the modified de Bon- 
der gauge respects the Poincare and dilatation symmetries, 
but breaks the conformal boost symmetries (X" symmetries). 
This implies that realization for generators P°, and D 
given in ( |6.17b -( l6?T9l l is still valid for the gauge-fixed AdS 
fields, while realization for the conformal boost generator K"" 
given in ( 16.20b must be modified to restore K'^ symmetries of 
the gauge-fixed AdS fields. We begin with matching of the 
Poincare and dilatation symmetries. Matching of the Poincare 
symmetries is obvious: from ( 12. 20b . ( 12. 211 ) and ( 16. 17b . ( 16. 181 ). 
we see that bulk and boundary generators of the Poincare al- 
gebra, P", J"'', coincide. Next, we consider the dilatation 
generator D. To match the dilatation symmetries we need an 
explicit form of the solution for AdS field equations of motion 
in ( 17.11 ). Using the notation -D^ds ^^'^ ^cft for the respec- 
tive bulk dilatation generator in ( 16. 19b and boundary dilatation 
generator in ( 12.22b . we get the relation 

D^Jc^{x,z)) = C/.i?cpJ0cur(a:)) , (7.15) 

where D^ft corresponding to jc/icur) is obtainable from ( 12.22b 
and the conformal dimension operator given in ( 13.21b . From 
(17.15b . we see that the generators -D^ds ^'^'^ ^cft match. 

We now match the K"" symmetries. As we noted above, our 
modified de Donder gauge breaks the symmetries. This 
can be seen as follows. Using realization of X° transforma- 
tions in (16.201 ). we find that the gauge-fixed massive AdS field 
satisfies the relation 

CK^\<i>) ^ -2Cl\<P) , (7.16) 

which tells us that the modified de Donder gauge condition, 
C\(j)) = 0, is not invariant under K'^ symmetries that are 
described by generator K°- in ( 16.20b . Therefore, to restore 
the K"" symmetries of the gauge-fixed AdS field theory, we 



should modify the generator iiT" in ( 16.20b . We modify the 
generator if ° by using the standard procedure. Namely, we 
add compensating gauge transformations to maintain the if" 
symmetries. This is to say that, in order to find improved 
-^impr transformations we start with the generic global K"" 
transformations ( 16.20b supplemented by the suitable compen- 
sating gauge transformation 

K^^^M)^K-\'t>)+G\e''), (7.17) 

where G is given in ( 16.161 ) and |^^") stands for the parameter 
of the compensating gauge transformation. Using the relation 

CG|e^'°) = □.le'^") (7.18) 

and (17.16b . we find 

CK^^,\4>) = -2Cl\<t>) + D.ie^") . (7.19) 

Requiring the improved K?"^^^ transformations to maintain 
the modified de Donder gauge condition, 

CK^^^M)^^, (7.20) 

we get the equation for ), 

□ ,|C^")-2C1|0) =0. (7.21) 

From ( 17.211 ). we see that the compensating gauge transfor- 
mation parameter ) should satisfy the nonhomogeneous 
second-order differential equation. Plugging normalizable so- 
lution of equation ( 17. lb into ( 17.211 ). we see that equation ( 17.211 ) 
leads to the equation 

□ = 2U,Cl\<t>,Ux)) . (7.22) 

Using identity ( 17. 8b . the solution to Eg. ( 17. 221 ) is found to be 

= zC/,+iCI|0cur(a;)) . (7.23) 

Plugging (O and dTBI l into ( 17.17b . we check that the im- 
proved ifj'Jjjpi. transformations of spin-s massive AdS field 
lead to the conformal boost transformations of the spin-s 
anomalous conformal current given in ( |2.19b .( l2!23T l with op- 
erator defined in ( 13.221 ) (for details, see AppendixlAb. 

VIII. ADS/CFT CORRESPONDENCE FOR 
NON-NORMALIZABLE MODES OF MASSIVE ADS FIELD 
AND ANOMALOUS SHADOW FIELD 

We now discuss the AdS/CFT correspondence for bulk 
spin-s massive AdS field and boundary spin-s anomalous 
shadow field. We begin with an analysis of the non- 
normaUzable solution of Eq.( l6.30l ). Because gauge-fixed 
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equation of motion ( 16.301 1 is similar to the one for the scalar 
AdS field (16.361 1 we can simply apply result in Sec. |VI] This 
is to say that solution of Eg. ( 16. 30b with the Dirichlet problem 
corresponding to the spin-s anomalous shadow field takes the 
form 



\(f>{x,z)) 



d^ydx-y^zMM), (8.1) 



(-) 



(8.2) 



" ~ 2«r(K) 

where the Green function is given in ( 16.43b . 

Using asymptotic behavior of the Green function Gi, ( |6.45b . 
we find the asymptotic behavior of our solution 

|0(a:,^)) ^ z-''+5a,|0sh(a^)). (8.3) 

From this expression, we see that solution ( 18. lb has indeed 
asymptotic behavior corresponding to the spin-s anomalous 
shadow field.''* In the right-hand side of ( 18. lb we use the no- 
tation \<j)sh), because we are going to show that this boundary 
value is indeed the gauge field entering the gauge invariant 
formulation of the spin-s anomalous shadow field in SeclIVI 
Namely, we are going to prove the following statements: 

i) For solution dS.lb . modified de Donder gauge condition 
( 16.29b leads to differential constraint of the anomalous shadow 
field given in (14.8b . 

ii) On-shell leftover gauge transformation ( 16.151 ) of solution 
( 18.1b leads to gauge transformation of the spin-s anomalous 
shadow field given in ( 14.18b 

iii) On-shell global so{d, 2) symmetries of solution ( 18.1b be- 
come global so{d, 2) conformal symmetries of the spin-s 
anomalous shadow field. 

iv) an effective action evaluated on solution ( 18.1b coincides, 
up to normalization factor, with boundary two-point gauge in- 
variant vertex for the anomalous shadow field given in (14.22b . 

Below we demonstrate how these statements can be proved 
by using the following relations for the Green function Gi, = 
G^{x - y,z): 



■ 2i/ 



□ ,(zG,_i) = -4(j/-l)G,, 



(8.4) 

(8.5) 
(8.6) 



Matching of bulk modified de Donder gauge and bound- 
ary differential constraint. We note that it is choice of nor- 
malization factor (7^ in ( 18.2b that allows us to match bulk mod- 
ified de Donder gauge and boundary differential constraint. 



Since solution )8.U lias nonintegrable asymptotic behavior (83), such so- 
lution is sometimes referred to as the non-normalizable solution. 



Namely, the normalization factor a^, (18.2b is uniquely deter- 
mined by the following two requirements: 
i) The factor cr^ is normalized to be 



a, = 1 , for A^, = , 



C 



0. 



(8.7) 



ii) Modified de Donder gauge condition for AdS field 
(16. 29b should lead to the differential constraint for the shadow 
field |0,h) dUi. 

We note that the choice of normalization condition ( 18.7b 
is a matter of convenience. This commonly used condition 
implies the following normalization of asymptotic behavior 
of solution (18.1b for the leading rank-s tensor field c/jq^ ' "° in 
(lO : 



(8.8) 



where q is the leading rank-s tensor field in ( 14.1b . 
Using (I8.4b .( l8.5b we find the relations 

eiCTyGix = (TuG^ei^sh , eia^G,^ = cr^G^ei^sh , (8.9) 

where Laplace operator □ appearing in ei^sh, ei,sh is acting 
on the Green function G^. Acting with operator G ( 16.81 ) on 
solution ( 18.11 ) and using ( 18.9b . we find the relation 



G|0) / d''yGAx~y,z)Csh\(j)M) 



(8.10) 



From this relation, we see that modified de Donder gauge for 
the spin-s massive AdS field ( 16. 29b and differential constraint 
for the spin-s anomalous shadow field given in ( 14.8b match. 

Matching of bulk and boundary gauge symmetries. 
We now show how gauge transformation of the anomalous 
shadow field ( 14.18b is obtained from the on-shell leftover 
gauge transformation of the massive AdS field (16.151 ). To 
this end we note that the corresponding on-shell leftover 
gauge transformation of massive AdS field is obtained from 
( 16.15b by plugging non-normalizable solution of equation for 
gauge transformation parameter ( 16.31b into ( 16.151 ). The non- 
normalizable solution of equation ( 16.311 ) is given by 

\^{x,z))^a, f d''yG,{x-y,z)\Uiy)), (8.11) 



where cr^ is given in ( 18.21 ). We now note that, on the one hand, 
plugging (18.11b into ( 16.15b and using ( 18. 9b . we can cast the 
on-sheU leftover gauge transformation of into the form 



S\cl>)=a,J d''yG,{x-y,z)G,,,\U{y))- (8.12) 
On the other hand, making use of relation (18.1b . we get 

6\(f>)^a, I d^yG,ix-y,z)S\^M)- (8-13) 
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Comparing ( 18.121 1 with (18.131 1. we conclude that the on-shell 
leftover gauge symmetries of solution of the Dirichlet problem 
for the spin-s massive AdS field are indeed related to gauge 
symmetries of the spin-s anomalous shadow field. 

Matching of bulk and boundary global symmetries. 
Matching of global symmetries can be demonstrated by us- 
ing the procedure we described for the spin-s anomalous con- 
formal current in Sec lVllI Therefore, to avoid repetition, let us 
briefly discuss only relevant details. The matching of bulk and 
boundary symmetries of the Poincare algebra is straightfor- 
ward. To match bulk and boundary dilatation symmetries all 
that we needed are solution for bulk field in (18.1b . bulk dilata- 
tion operator ( 16.191 ). and conformal dimension operator for the 
spin-s anomalous shadow field given in ( 14. 20b . To match con- 
formal boost symmetries we introduce improved bulk K^^^^^. 
transformations with compensating gauge transformation pa- 
rameter that satisfies Eg. ( 17. 21b with |(/)) as in ( 18.11 ). Using 
relation ( 18.6b . we find that the solution to Eg. ( 17. 21b with |0) 
as in ( 18.1b is given by 

jd%G,-i{x~y,z)Cl\<PM)- 

(8.14) 

Using ( 18.11 ) and ( 18.14b . we check that improved bulk Kf^^^ 
transformations lead to K'^ transformations of the spin-s 
anomalous shadow field given in ( 12.23b and ( 14.21b . 

Matching of effective action and boundary two-point 
vertex. To find the effective action we follow the standard 
procedure. Namely, we plug non-normalizable solution of 
the bulk equation of motion with the Dirichlet problem cor- 
responding to the boundary anomalous shadow field ( 18.1b into 
the bulk action ( 16.61 ). We proceed as follows. Using gauge 
invariant equation of motion ( 16.25b in ( 16.61 ). we get the fol- 
lowing expression for the effective action: 



Scs ^ - d xLcS 



(8.15) 



1 



-off 



(0|/xr,_i|0) + -(0|r(7|,/)) 



a Tz 



(8.16) 



From ( 18.161 ). it is clear that the use of modified de Bonder 
gauge condition ( 16. 29b considerably simplifies the expression 
for £off, 



off 



C\<b)=0 2 ^ 



(8.17) 



Thus we see that it is the use of modified de Donder gauge that 
leads to C^s for massive arbitrary spin AdS field (18.17b which 
has the same form as Ccff for scalar field ( 16.48b . Therefore, to 
find Scs for the massive arbitrary spin AdS field we can use 



results for the scalar field. Namely, all that remains to obtain 
the effective action is to plug solution ( 18.1b into ( 18.151 ). ( 18.171 ) 
and use general formula given in ( 16.49b . Doing so, we get'^ 



(8.18) 



where k and are given in ( 13.4b . ( 16.44b . respectively, while 
r stands for gauge invariant two-point vertex of the spin-s 
anomalous shadow field given in (14. 22b . ( 14. 231) . 

To summarize, using the modified de Donder gauge for the 
computation of the spin-s massive AdS field action on the so- 
lution of equations of motion with the Dirichlet problem cor- 
responding to the boundary anomalous shadow field, we ob- 
tain the gauge invariant two-point vertex of the spin-s anoma- 
lous shadow field. It is the matching of the bulk leftover 
on-shell gauge symmetries of solution to the Dirichlet prob- 
lem and bulk global symmetries and the respective boundary 
gauge symmetries of the anomalous shadow field and bound- 
ary global symmetries that explains why the effective action 
of the AdS massive field coincides, up to a normalization fac- 
tor, with the gauge invariant two-point vertex for the boundary 
anomalous shadow field. 

In the literature, the effective action is expressed in terms 
of the two-point vertex taken in the Stueckelberg gauge frame 



it and 



pstand ( 14 4Q| | Xo express our result in terms of F' 
use relations ( I4.36b .( l439b to represent our result ( 18.18b as 



we 



5', 



off 



K{2K + 2s + d-2) t,„d 
s!(2K + d-2) " 



(8.19) 



The following remarks are in order: 

i) For the particular values s = 1 and s = 2, our results for 
normahzation factor in front of F'^'''"'^ ( 18. 19b coincide with 



the ones obtained in Refs. lll lH and II12I1 respectively. Thus, 
our results agree with the previously reported results for the 
particular values s = 1, 2 and give the normahzation factor 
for arbitrary values of s. 

ii) Using ( 18.191 ) and taking into account the expression for 
pstand gjygjj ( |432l ).( |4r40b . we see that the AdS/CFT cor- 
respondence for massive spin-s AdS field leads to two-point 
correlation function of spin-s anomalous conformal current 
with the conformal dimension given by 



d 
2 



d-4\2 



(8.20) 



According to the AdS/CFT correspondence this conformal di- 
mension should be equal to lowest energy value Eq for mas- 
sive spin-s AdS field with mass parameter m. Comparing 



All that is needed for the derivation of )8.18) is to make the replacement 
(T -+ (T^ in formula for scalar field )6.49) and note the easily derived 
algebraic relation uc^a^ = Kc^fv, where is defined in 14.24) . 
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A dOOl l with Eo found in Ref.l40|] (see formula 5.74 in 
Ref.|40]) we see that Eq = A. 

iii) The fact that the effective action of massive AdS field 
is proportional to the two-point vertex of anomalous shadow 
field is expected because of the conformal symmetry. Note 
however that for the systematical study of AdS/CFT corre- 
spondence it is important to know the normalization factor in 
front of r''*'^"'^ (|09b . 

iv) In the massless limit, m 0, our result for 5cff (18.191 1 
agrees with the previously reported results in literature. Com- 
putation of SoS for spin-1 and spin-2 massless fields may be 
found in the respective Ref. ll39ll and Refs. ll4lll . Computation 
of Seff for arbitrary spin-s massless fields may be found in 
Ref.P]. The study of AdS/CFT correspondence for massless 
fields in light-cone gauge frame may be found in Refs. [.4Zl - 
iHl (see also Ref.Q). 

v) The effective action given in (I8.I8I 1 is gauge invariant, while 
the effective action given in ( |8.19t is obtained from one in 
(I8.I8I 1 by using the Stueckelberg gauge frame. One of advan- 
tages of our approach is that our approach gives the possibility 
to study the effective action by using other gauge conditions 
which might be preferable in various applications. For exam- 
ple, in the light-cone gauge frame, the effective action given 
in ( 18.18b takes the form 



(8.21) 



where light-cone gauge vertex F'^^ '^ ' is given in (|4.22| |. (I4.47| |. 
It is the formula ( |8.21t that seems to be interesting for the 
studying the duality of light-cone gauge type IIB Green- 
Schwarz AdS superstring and the corresponding CFT. 



IX. CONCLUSIONS 

In the present paper, we extended our gauge invariant ap- 
proach to CFT initiated in Ref.ll^ll to the studying of arbi- 
trary spin anomalous conformal currents and shadow fields. 
We recall that, in the framework of string/gauge theory du- 
ality, the anomalous conformal currents and shadow fields 
are related to massive fields of AdS string theory. We note 
that all Lorentz covariant approaches to string field theory in- 
volve large amount of Stueckelberg fields (see, e.g., Ref. ll46ll ). 
Because our approach to anomalous conformal currents and 
shadow fields also involves Stueckelberg fields we believe that 
our approach will be helpful to understand string/gauge theory 
duality better 

We obtained the gauge invariant vertex for anomalous 
shadow field which, in the framework of AdS/CFT correspon- 
dence, is related to AdS field action evaluated on solution of 
the Dirichlet problem. Our gauge invariant vertex provides 



quick and easy access to the light-cone gauge vertex. Be- 
cause one expects that the quantization of AdS superstring is 
straightforward only in the light-cone gauge we believe that 
our light-cone gauge vertex will also be helpful in various 
studies of AdS/CFT duality. Our results should have a number 
of the following interesting applications and generalizations. 

i) In this paper, we studied bosonic anomalous conformal cur- 
rents and shadow fields. It would be interesting to extend 
our approach to the study of AdS/CFT correspondence for 
arbitrary spin fermionic anomalous conformal currents and 
shadow fields and related arbitrary spin massive fermionic 
fields H. 

ii) In this paper, we studied the AdS/CFT correspondence by 
using CFT adapted approach to massive AdS fields developed 
in Ref. l 141 . In the last years, new interesting approaches to 
massive AdS fields were developed (see, e.g., Refs. ll48l '). It 
would be interesting to apply these new approaches to the 
study of AdS/CFT correspondence for massive AdS fields. 

iii) An extension of our approach to the case of 3-point and 
4-point gauge invariant vertices of anomalous shadow fields 
will give us the possibility to study various applications of our 
approach along the lines of Refs. 14911 . 

iv) Idea of arranging d-dimensional conformal physics in d+2 
dimensional multiplets was extensively studied in Refs. lfsoll . 
Obviously, the use of the methods developed in Refs. lfsoll may 
be very useful for the studying AdS/CFT correspondence. 

v) The Becchi-Rouet-Stora-Tyutin (BRST) approach is one of 
powerful methods of modern quantum field theory (see, e.g., 
Refs.|51]). Obviously, an extension of BRST approach to the 
case of anomalous conformal currents and shadow fields will 
provide new interesting possibilities for the studying CFT. 

vi) Mixed-symmetry fields have extensively been studied in 
the last years (see, e.g., Refs.fs?]). Needless to say that gen- 
eralization of our approach to the mixed-symmetry conformal 
currents and shadow fields could be of some interest. 
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Appendix A: Matching of bulk and boundary conformal boost 
symmetries 

In this appendix, we demonstrate matching of the improved 
-^impr transformations of the normalizable modes of mas- 
sive AdS field ( 17.171 ) and the K"" transformations of boundary 
anomalous conformal current given in ( |2.19t . (l2.23b with op- 
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erator i?"^. defined in ( 13.221 ). Matching of improved K^^^^^. 
transformations of non-normalizable modes of massive AdS 
field and boundary A'" transformations of anomalous shadow 
fields can be demonstrated in a quite similar way. 

We start with the realization of the improved i^impj- trans- 
formations on space of normalizable modes of massive gauge- 
fixed AdS field given by (see ( 17.17b ) 

-^imprl'^norm) -f^^^g 1 0norm) + G^dS I^Mrm) ' (^1) 

where, in this Appendix, the normahzable solution {(p) in ( 17.1b 
is denoted by {(pnoim), while the normalizable solution for the 
compensating gauge transformation parameter |^^^ ) in ( 17.23b 
is denoted by \£,norm) ■ Also, in this Appendix, the generic gen- 
erator of A'" symmetries in ( 16. 20b is denoted by AT^^^ , while 
the gauge transformation operator G in ( 16. 16b is denoted by 
G^js . Our purpose is to demonstrate that the improved K^^^^^. 
transformations of the normalizable modes of massive gauge- 
fixed AdS field become AT" transformations of the anomalous 
conformal current. Namely, we are going to prove the relation 

^imprl^norm) = UuK^^^\(t>cui) , (A2) 

where AT^^^ stands for the realization of the conformal boost 
generator on space of the anomalous conformal current given 
in (|223]l,(l322ll- 

In order to prove relation (IA2b we represent the operator 
if^^^dS^as 

K.S = ^A..s + + M'-'x" + R'^,, , (A3) 

where operators -D^dS' ^fo)' ™d ^ti) ^re given in (16.191) . 
( 16.23b . and ( 16.241 ) respectively. Next, we note the relations 

(^l^dS + KMnorn.) = C/.Xl^^J0cur) , (A5) 

= C/,(7VrV + <,,)|0cur>, (A6) 

where 

L»cur ^Xd + Acur , (A8) 



while Acur and i?"^. are given in ( 13.21b and ( 13.221 ) respec- 
tively. Using ( IA5I ).( IA6I ). we see that relation ( IA2b does indeed 
hold. 

We now comment on the derivation of relations ( |A5l ),( |A6l ). 
These relations are obtained by using the following general 
formulas 

(^^A.ds + = u,{Ki^^, + x'^zd,) 

- K{- f'q-'-id^{d,Z,{qz))zd, , (A9) 

w [/.(ivrV + i?:?,,), (Alo) 

where Z^{z) = ^fzJy{z\ while q is defined in ( 17.3b . In ( lAlOb 
and relation dAl lb given below, the sign w implies that rela- 
tions (lAlOb . (lAl lb are valid only on space of the anomalous 
conformal current jt/fcur)- Recall that |(/)cur) is subject to dif- 
ferential constraint ( 13.9b . We now see that, by applying re- 
lations (IA9b and (lAlOb to the anomalous conformal current 
|0cur), we obtain the respective relations ( IA5b and ( IA6b . 

For the reader convenience, we write down the helpful for- 
mulas to be used for the derivation of relation dAl Ob . 

W^x^U^ « U^W^x^ 

+zU,+i{-G,^,Cl - ei,cura" + C^ei^cur) , (All) 

R%^U, = zU,+i{a'r,a'' + CV^O 

-zC/,_i(Crca'^ + CV,a^), (A12) 

^AdS (^'^I'+l^D ~ ^f^i^+lCcurC*!. 

+ f/.(2Crc-2a^^^^-^r.c.^)Q,(A13) 
zU^^i + zUU^+i = 2vU^ . (A14) 
In turn, relation dAl lb is obtained by using the identity 

= a^'C^^, - ei,cura° + C"^ei^cur (A15) 
and differential constraint (13. 9b . 
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